and poled BTO after vibrated for 5 min (bottom).
It is well known that 3% H2O2 is widely used medically to clean mouth, here the concentration of reactive species in 3% H2O2 was used as a benchmark of safety. In order to identify the safety of BTO for tooth whitening, we compared the concentration of •OH created by BTO after vibrated for 5 min and that created by Fenton reaction in 3% H2O2. The concentration of •OH in 3% H2O2 is about 50 times than that created by BTO after vibrated for 5 min. This is further evidence the BTO nanoparticles used for tooth whitening have no risk of excessive free radicals. Three teeth were randomly selected. Each tooth was cut into two pieces along the buccolingual division line using a line cutting machine. The teeth were then mounted in self-setting polymeric resin at 19 room temperature. The samples were ground into a flat enamel surface successively using 600, 1000, 1200 grit silicon carbide paper, then polished with 0.2 and 0.05 microns alumina slurry. In order to avoid local overheating on enamel surface, both grinding and polishing procedures were performed in water. Hardness was measured prior to staining, after staining and after whitening using a Vickers microhardness tester (Shanghai Huiju, HVS-1000Z) under a load of 200 g with 10 s dwell time. As shown in Supplementary   Fig. 12 , we choose five points on the enamel at different position, the hardness of tooth is about 300HV, and the value at different position is similar, which means the tooth is complete and healthy. Most importantly, the hardness shows no change at each step during the whole test, this proved no change in microstructure of the tooth.
